In the Internet, proxy servers are tools that are used to facilitate clients for accessing websites and save network bandwidth. Basically, proxy servers uses cache to stored visited sites in order to deliver faster web accesses to users, without requesting to external target servers. With the limitation of cache size, however, a number of techniques have been proposed to potentially increase the performance of cache replacement methods. The objective of this study is to apply a data mining technique to generate frequent itemset patterns of the internet access by users. Data transactions are generated based on the allocated time slots of internet usage. As the public the Internet cluster, different users can use the same single computer; therefore, generating data transaction base on computer IP address is used by many users and may not extract the behavior of users. Association rules are generated using FP-growth algorithm. The frequent itemsets (rules) are then used to implement and extension of LRU cache-replacement technique. The experimental results show that the proposed technique provides promising result and is superior to the base-line cache replacement techniques (i.e. FIFO and LRU).
Introduction
With the rapid growth of the Internet, World Wide Web in the recent era is popular medium to share and exchange the information. Even though the speed of network has been improved substantially in recent years, increasing popularity of using the Internet, the Request/Response working mode of network still makes the internet traffic very slow. These might result to extreme congestion on the network and load on the servers, all resulting give no guarantee on the Quality of Service (QOS) at the user end [1] . Because the web server cannot know the users' demand and the users' requests cannot be predicted. One of possible solution is to increase network infrastructure but that will not only increase the economic cost but will also increase the demands of more network applications. So, the solution lies in efficient use of existing network resources.
Proxy Servers are popular tools which are used to facilitate clients for accessing websites. Proxy servers help in improving response latency and reduce network traffic by storing copies of web objects accessed in local temporary memory storage area (also called cache) and providing to other users the same page on demand. Due to the limitation of the storage space of cache, some web objects (pages) are needed to be replaced by different web objects in order to facilitate the faster accessing of the Internet. To replace web objects in cache a number of algorithms have been proposed such as First in First Out (FIFO), Least Recently Used (LRU) and etc. The fundamental strategy of implementing cache replacement techniques is to remove a stored websites (or web objects) and replacing them by newly requested websites. As a result, the efficiency is removing from caches because the deleted websites might be requested again. In the literatures, numerous works have been studied in attempting to improve the Web caching performance. Soonthornsutee R. el al. proposes a cache replacement technique based on Data Mining approaches to generate the model of cache replacement policy [2] . The work predicts the life time of web objects in caches. The replacement of a new web object is performed based on the predicted life time of objects in the caches. In addition to predicting-based technique, Haung Y. et al. proposes a frequent-itemset discovery method to generate an associate rules to replace web objects in caches [3] [4] [5] .The work examines data instances based on the IP of computers.
Associate rules are generated, using Apriori-based algorithms, before implementing them to cache replacement mechanism. Bonchi F. al. proposes a technique that extent Least Recently Used (LRU) to increase the hit rates of cache replacement by comparing two data mining techniques, i.e. association rule and decision tree [6] . They generate data transaction base on the access of the Internet of a single computer, considering by the Internet IP. The results of their show that decision trees outperform LRU. Clustering-based techniques can also be applied for increasing the performance of cache replacement mechanism. Poornalatha G. [7] invent a clustering-based technique that separate data transaction into different groups, association repository [8] . The, pre-fetching web pages are loaded into cached based of the repository information. In addition to cache replacement using data mining techniques, data cleaning can be a potential step to increase the performance of cache replacement [9] . The few research in data mining have integrated caching and web log mining. Most previous work on integrating prediction models, applied to predict the future web access, including our work has focused on behavior of users. It remains to show how prediction models can be used to extend the best prediction models.
In this paper, we apply a data mining technique to generate frequent itemset patterns of the internet access by users. We generate data transactions based on the allocated time slots of internet usage. As the public the Internet cluster, different users can use the same single computer; therefore, generating data transaction base on computer IP may not extract the behavior of users. Association rules are generated using FP-growth algorithm [10] . The rules (frequent itemset patterns) are then used to implement and extension of LRU cache-replacement techniques. This paper is organized as follows: Section 2 explains the proposed method for improving cache replacement approach, which is separated into (i) data collection, (ii) data cleaning, (iii) data transformation and data transaction, and (iv) rule generation. Section 3 demonstrated the experiments and results before the conclusion is given in Section 4.
Materials and Methods
There are 5 process steps in this study to generate the cache replacement using data mining techniques, as shown in Figure 1 . Data collection is the first step to be performed before data cleaning is carried out. The output of data cleaning is then processed to perform data indexing. Data transaction generates transactions, which are used to generate associate rules by applying FP-growth algorithms. The next section provides intensive details of each process to generate the propose cache replacement technique. 
Data Collection
The data set was collected from the cache of the College of Politics and Governance, Mahasarakham Universirty using a Squid proxy Server [11] . The data collection period was from November 2013 to April 2014. Users of this cache include graduate and undergraduate students. The data set contains one million records. Each record contains 10 attributes. 
Data Cleaning
The collected data is not able to directly process to generate rules (which are used in the cache replacement process). Data Cleaning eliminates inconsistent or inessential items in the data. Consequently, this data is substantially required to remove some unrelated data. 
Data Transformation and Transactions
Before generating associate rules, cleaned data is processed to generate data records. Based on the data collection and source, this paper intends to observe the behaviors of users. Therefore, data transactions are extracted from the cleaned data by dividing the data into different time intervals or time slots. Each user is allowed to use the Internet for 2 hours. Therefore, time slots are divided into 6 periods (t1,t2 ,…, t6), t1= 08.00-10.00 am, t2= 10.01-12.00 am, t3= 01.00-03.00 pm, t4= 03.01-05.00 pm, t5= 05.01-07.00 pm, t6= 07.01-09.00 pm. By this, the time stamps of each record are checked to generated transactions.
Rule Generation
After generating transactions, the transactions are then used to build association rules. This work applies FP-growth algorithm to generate rules. The algorithm can be divided into steps, i.e. (i) FP-tree construction and (ii) mining frequent patterns [4] . Let L denotes the list of frequent items and F denotes the set of frequent items and their supports. In FP-tree construction step, frequent item F is first collected and their supports. A root of an FP-tree is then created and set as "null". For each transaction, select and sort the frequent items and their supports according to the order of L. Let the sorted frequent item list in Trans be P and let p is the first element and P' is the remaining list. Then, each node will be inserted to the tree. If T has a child N such N = p, then increase the count of N by 1; otherwise, create a new node N, and links its parent node to T. The item in P will be recursively inserted to T until P' is empty.
After generating FP-Tree a complete set of frequent patterns can be constructed. The preliminary requirement of generating frequent pattern is to initial a minimum support (denoted as Ω). The complete set of frequent patterns can be generated as follows: 
Cache Replacement
Cache replacement is considered as one of issue that can improve the performance of accessing to the Internet in organizations. This section demonstrates in the implementation of the proposed cache replacement technique and the cache replacement algorithms used in this study (i.e. LRU and FIFO). Figure 2 . depicts the overview of LRU cache replacement technique. Users send a request to a cache server. The server examines the requested URL; if it resides in the cache (hits), return the requested sites (stored in server) to the users; otherwise, the requested sites will be stored in the cache by replacing the least recently used sites in the cache. Figure 3 . A user sends a URL to a cache server. The server examines the requested URL; if it resides in the cache (hit), return the requested sites (stored in server) to the users; otherwise, the requested sites will be stored in the cache by replacing the sites in the cache based on first-in-first-out scheme.
Fig. 3. The diagram of cache replacement using FIFO technique.
The proposed cache replacement method is illustrated in Figure 4 . The technique incorporates a frequent itemset patterns (explained in Section 2.4) to replace related URLs in cache server in order to increase hit rates of the system. A user requests a URL and send the request to a cache server. The cache server checks the quested URL with both frequent itemset patterns and cache, which can be explain as following steps:
 Step 1: the requested URL is check with the cache sever; if the URL is resided in the cache, the server responds the corresponding stored-sites to the users; otherwise go to step2.  Step 2: the requested URL is examined with the frequent itemset patterns (explained in Section 2.4) The frequent itemset patterns extract the patterns of accessing URLs of users, for example, A→B signifies the frequent of accessing A and B -where A is the source URL and B is the destination URL. Therefore, if the requested URL is a source URL then load its destination URL and insert it to the cache server using LRU-based technique.  Step 3: if the requested URL is not in the frequent pattern, insert the to the cache server using LRU-based technique.
Experiment and Results
Cache replacement is one of issues that can improve the performance of accessing to the Internet in organizations. Designing proper cache replacement technique can potentially improve the overall network system in organization. This paper proposes a cache replacement technique by applying frequent itemset patterns (FIP). To evaluate the proposed technique, this section demonstrates the experiment of implementing the proposed techniques (as discussed in Section 2) comparing 2 based-line techniques of cache replacement, i.e. LRU and FIFO. This section I organized as follows: Section 3.1 explains the data setting and environments that are used to evaluate the proposed technique. Section 3.2 limns the evaluation and results before the discussion is presented in Section 3.3. 
Data
We collected 1,432,918 records of data using Squid proxy Server. Data cleaning is firstly performed to eradicate some unrelated data (as discussed in Section 2.2). After cleaning we obtain 219,706 data records which would be used to generate frequent itemset discovery, so called training data. After generating frequent itemset patterns, the patterns are used to perform the cache replacement algorithms. In addition to the training data, we collected 647,145 records within2 months for a testing dataset. The 3 Use is replaced by the requested url.
External Server replacement techniques were implanted -as explained in Section 2.5.
Evaluation and Results
To evaluate the propose method, we performed and evaluated the technique by comparing the performance of the propose method with the two base-line cache replacement algorithm, which are (i) FIFO and (ii) LRU. Before evaluating, the initial cache space (size) was need to initiate. We determined the initial size of caches from the total testing data. We experimented the size of initial caches with 5 different sizes (determined as the percentage of the testing data), i.e. 5%, 10%, 15%, 20%, and 25% of the total of the testing data [7] . Table demonstrates that results of the experiment by varying the size of a cache. The results presented in Table 2 shows that using frequent itemset patterns is superior to the base-line techniques. The proposed technique achieves 69.50 of hit rates. Figure 5 show the graphical comparison of the three techniques when varying the size of the cache. In addition to demonstrating the overall performance of cache replacement algorithms, this study raises the issue of data cleaning influencing the performance of cache servers. Therefore, 2 cleaning patterns was performed, i.e. (i) image-cleaned and (ii) non-image-cleaned. Image-cleaned excludes image URLs from the dataset (see Section 2.2 for details). Non-image-cleaned includes that image files to the dataset. Table 3 . shows the results of data cleaning with respect to the image URL issue. The results shown in Table 3 . Indicates that image-cleaned strategy (applied during cleaning process) produces higher hit rates that non-image-cleaned strategy.
Discussion
This paper presents data mining techniques for improving proxy server based on the relation of web access. Section 3.1 shows the results experiments that evaluate the proposed techniques. Table 2 . indicates that applying frequent itemset patterns and LRU is better than using the cache replacement FIFO and LRU alone. The generated patterns (rules) captures the frequent patterns of users that access to websites. Therefore these patterns are useful for cache servers as they can simply predict upcoming requests that users may acquire. Table 3 . summaries the performance of cache replacement using FIP+LRU when applying different data cleaning strategies. The results show that image-cleaned method is superior to non-image-cleaned. Image URLs are sensitive to pattern generations. Non-image-cleaned results a large number of data records in the datasets than thus a number of generated frequent itemset patterns are conveyed image URL, which are not useful for cache replacement.
Conclusions
In this paper, we apply a data mining technique to generate frequent itemset patterns of the internet access by users. Data transactions are generated based on the allocated time slots of internet usage. As the public the Internet cluster, different users can use the same single computer; therefore, generating data transaction base on computer IP address may not extract the behavior of users. Association rules are generated using FP-growth algorithm. The frequent itemsets (rules) are then used to implement and extension of LRU cache-replacement technique. The experimental results show that the proposed technique provides promising result and is superior to the base-line cache replacement techniques (i.e. FIFO and LRU). The results obtained are compared with 2 results available in the literature to demonstrate the generalization of the proposed method. In the future, the work is aimed at studying data cleaning strategies to improve the cache replacement method. We plan to improve prediction model and predict the future web access.
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